Abstract: Both coherent and differentially coherent PSK (CPSK, DCPSK) systems are currently being used in wireless communications with equal-gain combining diversity. Since recovery of carrier in coherent systems is often imperfect, and results in degradation in system performance, it is invaluable to evaluate the performance of CPSK with imperfect phase and compare it to the performance that can be obtained with DCPSK. The detection loss suffered and the phase precision required for the carrier recovery for different error rates and with different degradations are derived. Generalised fading channels including Rayleigh, Ricean and Nakagami-m are investigated. The analysis is based on a convergent infinite series for the cumulative distribution function (cdf) of a sum of independent random variables. The results will enable designers to determine when DCPSK becomes the desirable method of modulation compared to CPSK in wireless systems.
Introduction
Due to the presence of noise and interference in the carrier recovery loops and the time-variant characteristics of the fading channels, the carrier phase cannot be perfectly recovered (partially coherent detection). This will indeed degrade the performance of coherent communication systems. In this paper, we analyse the bit error rate (BER) performance of partially coherent PSK systems and compare it to the performance of DCPSK systems. To see how much the phase errors will degrade the performance, and the phase precision requirements for CPSK to achieve a certain BER of their differential version, are the main contributions of this study. Here, we assume uncorrelated, frequency nonselective and slowly faded channels in which the phases are estimated using first-order phase locked-loops. For such a scenario, the phase errors are usually characterised by Tikhonov distribution [1] .
Motivated by its ability to combat the channel fading impairment, and by the comparable performance and the simplified structure when compared with the optimum maximum ratio combining (MRC) diversity technique, we consider the equal-gain combining (EGC) receiver in our analysis. However, different distributions are considered to model the received envelope of the multipath faded signals in wireless communications. Among those distributions, Rayleigh and Ricean are the most suitable distributions that model the fading environment. Rayleigh distribution is usually used to represent the macrocellular environment, while Ricean distribution is used to represent the microcellular environment where a line-of-sight, or at least a dominant or specular, path exists. Nonetheless, some urban radio multipath channels and experimental measurements are best modelled by Nakagami-m distribution with different values of m [2]. Thus, this paper will consider these three channel models.
For the simple case of no fading and no diversity, a closed-form solution for the probability density function (pdf) of the PSK receiver signal-to-noise (SNR) in the presence of Tikhonov-distributed carrier phase error does not exist [3] . This makes the error rate analysis of such a system notoriously difficult, and cannot be expressed in any useful closed-form or explicit-form solutions. However, this problem has been extensively studied, and many authors have came up with numerical solutions [1], presented infinite series methods [4] , given approximate solutions [5, 6] , or derived upper and lower bounds [4, 7, 8] . But, none of the authors took the channel fading impairment into account, a phenomenon important in wireless communications. The effect of channel fading in the error rate performance was first targeted by Weber [9] , but provided only limited details. Recently, Simon and Alouini [10] used Maclaurin series approximation to obtain expressions for the average BER of BPSK and QPSK under several fading environments.
However, many authors have considered the error rate performance of CPSK with EGC reception. Beaulieu and Abu-Dayya in [2, 11] evaluated the average BER of BPSK over L branches of EGC for Nakagami-m and Ricean fading distributions, respectively. Their analysis is based on an infinite series for the pdf of a sum of independent random variables that derived using Fourier series approximation method. Zhang [12] and Annamalai et al. [13] used the characteristic function (CF) method of the decision variable to express the error rate of different faded PSK signals under EGC reception in a one-fold integral, which was evaluated using numerical methods. Moreover, Alouini and Simon [14] presented an alternating definition of the Gaussian Marcum Q-function to analyse the symbol error rate of M-ary PSK signals with EGC reception over Nakagami-m fading channels. All the above studies
